DNA synthesis in a broken cellular preparation of Chinese hamster cells was enhanced approximately 10-fold by a brief trypsin treatment. Alphachywotrypsin also enhanced the, synthesis, whereas Pronase did not. The trypsin appears to be acting on a compopent of the nucleus. Evidence suggests that the trypsin is not removing protein from the DNA, but may be activating the system some other way.
Much remains to be learned about DNA replication, especially in eukaryotic systems. The presence of histones, other chromosomal proteins, and the nuclear envelope provide extra complications for such studies 'in eukaryotes. Using cell culture systems, Taylor has shown that the nascent DNA is replicated in 6S units and then joined by a ligase (1) . The same mechanism exists in prokaryotes (2) . Recently it has been shown that a short chain of RNA is associated with the nascent DNA, and it has been suggested that this RNA must be synthesized before the DNA can be replicated (3). Silverman and Mirsky (4) have shown that exogenous DNA polymerase and RNA polymerase both have much less access to the DNA in isolated nuclei or chromatin than in isolated DNA.
Using isolated nuclei, chromatin, and DNA, we have studied DNA synthesis using the endogenous DNA polymerase. In the course of such experiments we found a striking effect of trypsin on the rate of DNA synthesis. Suspecting at first that the effect might be due to the removal of histones from the DNA, we were surprised to find that this was not the explanation. The key experiments will be reported in this paper; a preliminary abstract was published earlier (5).
MATERIALS AND METHODS
Culture&. Chinese hamster fibroblast cultures (Don and Don-C) were grown as monolayers in McCoy's 5a medium supplemented with 10% fetal-calf serum (v/v).
I8olation of Nuclei and(Cytosol&. Nuclei were isolated by a modification of the method of Wray and Stubblefield (6) . The isolation buffer contained 1 mM CaCl2, 0.5 mM piperazine-NN'-bis(2-ethanesulfonic acid) monosodium monohydrate "PIPES" (Calbiochem) at pH 6.7, and 0.5 M hexylene glycol. Cells were either removed by a brief trypsin treatment or else scraped off in isolation buffer with a rubber policeman. In either case, the cells were washed once in 4 ml of isolation buffer (5 X 106 cells per ml) at 40 and then pelleted by centrifugation at 800 X g for 5 min at 4°. The pellet was then resuspended in isolation buffer at approximately 2 X 107 cells per ml. The nuclei were isolated by rapid 2432 passage of the suspension through a 22-gauge needle with the bevel placed against the side of the centrifuge tube. This was repeated until clean nuclei were obtained, as determined by phase microscopy. The resulting preparation is called the cellular lysate. The nuclei can be removed from the suspension by centrifugation at 800 X g for 5 min at 4°. In some cases the supernatant from this was' then centrifuged again at 100,000 X g at 4°. The supernatant from the high-speed centrifugation is termed the cytoplasmic cyto8ol. The pellet of nuclei was resuspended in isolation buffer and ruptured by nitrogen cavitation three times at 500 lbs./inch2 at 4°. This is termed the nuclear lysate.
Whole cells (including the nuclei) could be broken by placing the cell suspension in a nitrogen cavitation bomb (7) at a pressure of 500 lbs./inch2 at 4°. The cells were ruptured by rapid transfer to ambient pressure. This was done three times to assure that all the cells and nuclei were completely disrupted. This was termed the nitrogen cavitation lyate.
This preparation was then centrifuged at 100,000 X g for 60 min at 4°. The supernatant from this was termed the nitrogen cavitation cytosol.
The trypsinized cytosol was prepared by either trypsinizing cells and then passing them through a 22-gauge needle as described, or by preparing a nitrogen cavitation lysate and incubating it at 370 in the presence of the trypsin. This was then centrifuged to obtain the trypsinized cytosol at 100,000 X g for 60 min at 4°. Alpha-chymotrypsin, trypsin, and Pronase were added in various concentrations to a nitrogen cavitation lysate for 10 min at 37°. Aliquots of this were used to assay for DNA synthesis.
DNA Synthesis in the Cell-free Systems. A 0.1-ml aliquot of the cellular preparation was added to 0.2 ml of the assay mixture such that the final concentration of the components of the assay mixture was 9 mM MgCl2, 2 mM 2-mercaptoethanol, 7 mM glucose, 40 mM tris buffer (pH 7.4), 5 mM ATP, 0.5 mM each of dATP, dGTP, dCTP, and [3H]dTTP at 0.025 mM, 16.7 ACi/ml. This was incubated at 370 for 30 min unless otherwise noted. The reaction was terminated with 2 ml of 5% trichloroacetic acid containing 1% sodium pyrophosphate at 4°. The assay mixture was then filtered by suction onto glass-fiber filters and washed with 5% trichloroacetic acid containing 1% sodium pyrophosphate. After they were dried, the filters were trimmed and treated with 1 ml of NCS tissue solubilizer (Amersham/Searle) for 15 min at 250; then a Permafluor (Beckman)-toluene cocktail was added for scintillation counting.
RESULTS
The enhancement of DNA synthesis by trypsin is shown in Fig. 1 . Use of trypsin to remove cells before isolation of the nuclei increased the incorporation of ['H]dTTP 10-fold.
The newly synthesized DNA has the same buoyant density as the template, as determined by cesium chloride gradients. The nascent DNA is destroyed by DNase I but not by RNase. These data and other evidence that the DNA synthesis in vitro is not artifactual will be published elsewhere.
To study the effect of the trypsin, we made different cytosol preparations (Table 1) . Cytosol from cells that were trypsinized and passed through a syringe until all of them were broken synthesized DNA more effectively than the other preparations. Addition of a trypsin inhibitor after exposure but before assay did not significantly decrease the trypsin effect. The cytosol from a cytoplasmic fraction prepared by keeping the nuclei intact was not very active. Cytosol prepared from cells that were broken by nitrogen cavitation was not significantly better.
To find the optimum trypsin concentration, we used a broken cellular lysate. This had the advantage that one could ascertain that all the cells were broken, whereas with isolated nuclei, damage during isolation and incubation could release DNA, obscuring the results. The optimum trypsin concentration was found to be 0.5 unit/mi (Table 2 ). This. concen- tration increased the DNA synthesis 5-fold. The use of alphachymotrypsin was also effective in increasing the DNA synthesis, whereas Pronase was not.
To study the location of the trypsin effect, different cellular fractions were treated as in Table 3 . Again, the lysate formed by nitrogen cavitation was more effective after a brief trypsin treatment. The cytosol prepared from cells broken by nitrogen cavitation was not significantly active when either trypsinized or not. However, if the pellet obtained in the preparation of cytosol was treated with trypsin, it became more active. If the trypsinized pellet was then centrifugated at 100,000 X g at 40 for 60 min, the activity still resided in the pellet.
Trypsin treatment enhanced synthesis of a nuclear lysate; a nitrogen cavitation lysate assayed at the same time was also stimulated by trypsin treatment.
To examine the possibility that the trypsin was removing proteins, thus allowing the DNA polymerase better access to the DNA, we performed the experiment shown in Table   4 in which purified calf-thymus DNA was added to the reaction. The trypsinized cytosol synthesized DNA at a greater rate than either a nontrypsinized cytosol or a cytoplasmic cytosol. If the trypsin were removing proteins from the This pellet was then trypsinized, resuspended in isolation buffer, and centrifuged again at 100,000 X g for 60 min at 4°. The resulting supernatant and pellet are referred to as supernatant HI and pellet II.
DNA, thus allowing the DNA polymerase to bind, the addition of exogenous purified DNA should have enhanced synthesis in all the cytosols. However, it can be seen that the addition of native DNA, heat-denatured DNA, or nucleaseactivated DNA did not increase the amount of synthesis in any of the untrypsinized preparations. Thus, access to the DNA primer is not limiting in these studies. DISCUSSION The results show that treatment with a low concentration of trypsin can enhance DNA synthesis in a mammalian cellfree system. The trypsin appears to be acting on material that is located mainly in the nucleus. Alpha-chymotrypsin also enhanced DNA synthesis in these systems, whereas Pronase did not.
Trypsin hydrolyzes the peptide bond between the carboxy group of arginine or lysine and the amino group of another amino acid. Due to this specificity, it seemed reasonable that the trypsin was removing proteins, most likely histones, from the DNA, thus opening sites for the binding of the DNA polymerase. This was found not to be the case.
The evidence rather suggested that the trypsin was activating the DNA polymerase. It has been shown (9) that in the cytoplasm a high-molecular-weight DNA polymerase is found, whereas a low-molecular-weight DNA polymerase residues in the nucleus. The cytoplasmic DNA polymerase has been shown to fluctuate with cell growth and differentiation (10, 11) . The role of this cytoplasmic DNA polymerase has remained obscure. Some reports suggest that it is not of cytoplasmic origin since it may be leached out of the nucleus during isolation (12) . Evidence (13) suggests that the cytoplasmic DNA polymerase may dissociate into an active subunit whose properties are like the nuclear DNA polymerase. The dissociation of the cytoplasmic DNA polymerase is accompanied by changes in the enzyme activity and template specificity. Inhibition of the nuclear DNA polymerase by antibodies prepared against the cytoplasmic DNA polymerase suggested that the cytoplasmic DNA polymerase is a precursor to the nuclear DNA polymerase (9) . Hecht and Davidson (13) have shown that dissociation of the aggregate into monomers resembling a nuclear DNA polymerase may involve a conformational change. Lazarus and Kitron (14) have 
